Abstract: This paper presents an efficiency assessment of selected OECD countries using a Slacks Based Model with undesirable or bad outputs (SBM-Undesirable). In this research, SBM-Undesirable is used first in a two-stage approach to assess the relative efficiency of OECD countries using the most frequent indicators adopted by the literature on energy efficiency. Besides, in the second stage, GLMM-MCMC methods are combined with SBMUndesirable results as part of an attempt to produce a model for energy performance with effective predictive ability. The results reveal different impacts of contextual variables, such as economic blocks and capital-labor ratio, on energy efficiency levels. 
Introduction
This paper analyzes the energy efficiency of selected OECD countries using SBMUndesirable. Research on energy efficiency has adopted several methods. These range from the simple partial energy efficiency measures (e.g., energy usage per capita, ratio of GDP to energy consumption) to sophisticated composite index approaches (e.g., DEA -Data Envelopment Analysis-, distance functions, Malmquist productivity index). Therefore, the paper innovates on this context, first, by undertaking a review of energy efficiency and, second, by adopting as a research goal, SBM-Undesirable combined with MCMC generalized mixed models in a two-stage approach. The motivations for the present research originate from: First, this paper innovates on energy efficiency, evaluating the relative efficiency across selected OECD countries. Efficiency is the relative position of the units analyzed in the frontier of best practices, which is defined by the group of countries analyzed. In this research, this relative analysis is undertaken for a number of OECD countries, adopting for the first time the SBM-Undesirable and Markov chain Monte Carlo methodological approaches for GLMM. Furthermore, the present analysis enables a ranking of the relative efficiency of the countries and presents a predictive focus. Finally, the paper contributes to the literature of energy efficiency by analyzing, for the first time, 20 OECD countries with the above mentioned context of the SBM-Undesirable and MCMC generalized mixed modeling approaches.
Although there have been many papers on energy efficiency and productivity, there has been a very limited number of studies with reference to the OECD countries, in spite of their global importance in terms of energy consumption. The only closely related study is that of Zhou and Ang (2008) that makes use of three DEA-type linear programming modeling approach for measuring economy-wide energy efficiency performance across 21 OECD countries. While Zhou and Ang (2008) consider a joint production framework of desirable and undesirable output as in the current study, our study differs in a number of respects. First, Zhou and Ang (2008) consider energy consumption by different sources (coal, oil, gas and other energy) as separate inputs in the production of GDP, while we consider energy consumption in the context of renewable and non-renewable energy.
Second, we use a much longer and recent sample that enables us to track the trend of energy efficiency over time, including the recent global crisis period, while their study uses only a five-year time span (i.e. 1997-2001) . Finally, our study employs a different and more efficient methodology (SBM-Undesirable and MCMC generalized mixed models) that enables us not only to estimate energy efficiency levels, but also to analyze contextual factors that may influence efficiency levels.
The paper is structured as follows: The nest Section presents the contextual setting, including a description of the energy sector across the OECD countries under investigation.
The literature survey is then presented in Section 3, followed by the SBM-Undesirable methodology Section. Section 5 presents the data and the prediction of efficiency levels using MCMC generalized linear mixed models, followed by the discussion of the results and the conclusion.
Contextual Setting
Energy is one of the major inputs in many production and related processes. Energy is needed in the industrial sector, transportation, street lighting, residential, commercial and government buildings, among others. The demand for energy is rising due to a rising population and the quest for economic growth, which has consequently led to rising energy prices. The UNEP (2011) report highlights that in the 20th century, the world population grew by 4 times, economic output by 22 times and fossil fuel consumption by 14 times.
The Organisation for Economic Co-operation and Development (OECD) population stood at 27% between 1980 and 2012, while its Gross National Income (GNI) grew by 455% over the same period. Its world share of the electricity consumption as at 2011 was about 50% (International Energy Agency (IEA, 2013) . Under the WEO-2011 New Policies Scenario (OECD, 2011), the Global primary energy demand is projected to increase on average by 1.3% per year from 2009 to 2035, while the average IEA crude oil import prices will approach USD 120 per barrel (in year-2010 dollars) in 2035. The report also indicates that while the demand is rising, nearly 20% of the global population lack access to electricity.
Due to increasing globalisation and international competitiveness, more emphasis is being placed on reducing production costs, including those related to energy. Moreover, in addition to energy security issues, an increasing cause of concern over the increasing demand for energy is the environmental footprints of energy use, particularly CO 2 emissions from fossil fuel use (Gielen and Taylor, 2009 ). The current energy system is highly dependent on fossil fuels, whose combustion accounted for 84% of global greenhouse gas emissions in (OECD, 2011 . As at 2011, the OECD's world share of CO 2 emission was about 39.4% (IEA, 2013) . With a looming global climate change threat, many countries across the globe, and OECD countries in particular, are expected to encounter difficulties in continuing with increasing energy demand towards achieving high economic growth. Hence, a trade-off may be required between economic growth gains from energy consumption and environmental deterioration, if appropriate strategies and policies are not put in place.
Although the current energy demand is driven mainly by non-OECD and emerging countries, such as China and India, the repercussions are felt globally. Hence, the above highlighted challenges have led several countries formulating political, economic and technical strategies across all sectors of the economy, with the aim of reducing energy demand (Martínez, 2009) . The transition to a greener model of growth is being actively supported by OECD and IEA. At its 50 th Anniversary Ministerial Council Meeting in May 2011, the OECD launched a Green Growth Strategy to help policy makers and stakeholders to address the major environmental challenges of today's world, while expanding economic opportunities. The Strategy encompasses both policy recommendations to make economic growth "greener" and a set of indicators to monitor progress towards green growth (OECD, 2011) . The OECD set of indicators that are relevant to the energy sector are those that measure the carbon productivity or intensity of energy production and consumption (on various levels, including both national and sectoral energy consumption), energy intensity and efficiency, "clean" energy-related research and development and patents, as well as measures of energy related taxes and subsidies (OECD, 2011) . This study focuses on energy efficiency.
The reason is that energy efficiency is considered as one of the vital strategies to addressing the challenges posed by increasing energy demand (Ang, 2006; Zhou and Ang, 2008) . Improving energy efficiency is important from various policy perspectives.
Conservation of energy derived from fossil fuels in order to prevent their depletion in the near future is a very crucial objective (Mukherjee, 2008a) . Moreover, energy security can be enhanced by improving energy efficiency. Furthermore, reduction in energy use, especially coming from burning fossil fuels, is important for preventing a further deterioration of environmental quality, through increasing CO 2 emissions (Balachandra et al., 2010) . Energy efficiency also plays a vital role in achieving the underlying economic objective of cost minimization. For cost effectiveness, it is very important to reduce energy use during periods of high energy prices and also to suitably substitute other inputs for energy (Mukherjee, 2008a) . Energy efficiency makes available additional energy resources, which can help in addressing the issues of energy inadequacy or insecurity as well as equity concerns (Balachandra, et al. 2010 Zhou and Ang (2008) which is an economy wide study as in this study, as well as Azadeh et al. (2007) and Xie et al. (2014) which are sector specific studies. In general the results from previous studies are mixed. While a number of countries and/or sectors are found to be energy efficient, others are energy inefficient, implying that the latter group are operating below the frontier and, as such would need to reduce energy input and increase output simultaneously. Moreover, while energy efficiency has slowly improved in certain countries and sectors over time, it has declined considerably in others. Furthermore, in some countries energy efficiency has remained constant over time. Overall, these findings point to the need for more empirical studies on energy efficiency for specific regions, countries, sectors and industries, since it will be hard to generalize the empirical results.
Finally, there is the need to employ more efficient methodologies, capable of estimating energy efficiency with little or no bias. 
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and Based on the literature review, it is verified that, thus far, no paper has adopted simultaneously SBM-Undesirable and the GLMM modeling approaches using MCMC, while there is not any relevant paper that has performed an analysis focusing solely on selected OECD countries within this methodological context, which renders an additional novelty of this empirical work.
An SBM with undesirable outputs
Several authors have proposed efficiency measures in the presence of undesirable outputs. A conventional and traditional way to handle this problem is to shift undesirable outputs to inputs and to apply traditional DEA models. In the VRS (variable returns to scale) environment, Seiford and Zhu (2002) propose a methodological approach that first, However, resulting efficiency scores for inefficient DMUs are different by the modeling approach followed. Another conventional way is to invert the undesirable output value and treat into a desirable one. This operation may cause the deformation of the efficient frontiers due to the non-linear transformation and hence give a different identification of the efficiency status as well as of the efficiency score. Färe et al. (1989) is the first paper to treat this subject systematically. They treat desirable and undesirable outputs asymmetrically, resulting in an enhanced hyperbolic output efficiency measure. This approach needs to solve a non-linear programming problem. In terms of the non-separable models, Scheel (2001) proposes a radial and outputoriented methodology, whereas Färe et al (2003) develop a directional vector approach in output-orientation. The non-separable outputs models have efficient frontiers than the separable outputs case.
According to Copper et al. (2007) , the majority of DEA models can be categorized into four classes: (1) radial and oriented, (2) radial and non-oriented, (3) non-radial and oriented, and (4) non-radial and non-oriented. Here, 'radial' implies that a proportional reduction or enlargement of inputs/outputs is the main concern in measuring efficiency, while 'oriented' denotes input-oriented or output-oriented. Consequently, radial models neglect slacks and, hence, when dealing with undesirable outputs, slacks in undesirable outputs are not accounted for in the efficiency measure, which constitutes a crucial shortcoming of radial models. By contrast, the major concern of input (output)-oriented models focuses on the input (output)-side efficiency, while output (input)-side turns out to be a minor issue in measuring efficiency. Thus, only the non-radial and non-oriented models can capture the whole aspects of efficiency.
Let us assume that there are ࣿ DMUs (decision making units), each being associated with three factors: inputs, good outputs and bad (undesirable) outputs, represented by three vectors: ़ ∈ ܴ , ∈ ܴ ௦ ଵ and ∈ ܴ ௌ ଶ , respectively. We define the matricesߕ, ܻ and ܻ as follows.
and ܻ = උ‫ݕ‬ ଵ , … , ‫ݕ‬ ඏ ∈ ܴ ௦ మ ୶ . We assume ܺ > O, ܻ > 0 and ܻ > 0 . The production possibility set (P) is defined as:
where ∈ ܴ is the intensity vector. Notice that the above definition corresponds to the constant returns to scale technology. A DMU 0 ൫x , y Although the bad outputs model is presented under the constant returns to scale (CRS) assumption, other returns-to-scale RTS features can be also incorporated by adding the following constraint to the [SBM-Undesirable] scheme and, hence, to the definition of the production possibility set P:
where = ሺ1, … ,1) ∈ ܴ and, ‫ܮ‬ሺ≤ 1) and ܷሺ≥ 1) are respectively the lower and upper bounds to the intensity . The cases ሺ‫ܮ‬ = 1, ܷ = 1), ሺ‫ܮ‬ = 0, ܷ = 1) and ሺ‫ܮ‬ = 1, ܷ = ∞) correspond to the variable (VRS), the decreasing (DRS) and the increasing (IRS) RTS, respectively. Table 2 .
Data and efficiency prediction using GLMM-MCMC

5.1.Data
In addition, a number of contextual variables are collected to explain differences in the efficiency levels; they are also presented in Table 2 and are related to major demographics/economics of each country under study. Dummies are created to assess whether the country is an European Union (EU) member, whether the country is signatory of the North-American Free-Trade Agreement (NAFTA), whether the country is an Asian Tiger, and whether the country belongs in the G7 group. Finally, the capital-labor ratio is computed by dividing the stock of productive capital by the total number of employees in the economy, while a trend variable is also explicitly considered. 
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Generalized Linear Mixed Models using Markov chain Monte Carlo methods
GLMMs combine a generalized linear model with normal random effects on the linear predictor scale to give a rich family of models that have been used extensively in many applications in the empirical literature (Diggle et al., 2002; Molenberghs, 2000, 2005; McCulloch et al., 2008) . This flexibility comes at a price, however, of analytical tractability, which has a number of implications, including computational complexity and an unknown degree to which inference is dependent on modeling assumptions (Fong et al., 2009 
for i = 1,...,m units (clusters) and j = 1,...,n i , measurements per unit, and where θ ij is the
where g(·) is a monotonic "link" function, ij x is 1 × p, and ij z is 1 × q, with β a p ×1 vector of fixed effects and i b a q×1 vector of random effects, hence
, where the precision matrix ) ( 2 ϕ Q Q = depends on parameters 2 ϕ . It is assumed that β is assigned a normal prior distribution. Let Although a Bayesian approach is attractive, it requires the specification of prior distributions, which is not straightforward, particularly for variance components. Recall that we assume β is normally distributed. Often there will be sufficient information in the data set for β to be well estimated, with a normal prior characterized by large variance. The use of an improper prior for β will often lead to a proper posterior, though care should be taken. If we wish to use informative priors, we may specify independent normal priors, with the parameters for each component being obtained via a specification of 2 quantiles with associated probabilities. For logistic and log-linear models, these quantiles may be given on the exponentiated scale since these are more interpretable (as the odds ratio and rate ratio, respectively). If θ 1 and θ 2 are the quantiles on the exponentiated scale and p 1 and p 2 are the associated probabilities, then the parameters of the normal prior are given as: µ= z 2 log(θ 1 ) − z 1 log(θ 2 )/(z 2 −z 1 ),
σ =log(θ 2 ) − log(θ 1 )/(z 2 −z 1 ),
where z 1 and z 2 are the p 1 and p 2 quantiles of a standard normal random variable.
The most prominent application in the entire arena of simulation based estimation is the current generation of Bayesian econometrics based on Markov Chain Monte Carlo methodologies. In this area, intractable estimators of posterior means are routinely estimated with the assistance of simulation methodologies and the Gibbs sampler (Greene and Hill, 2010) . These techniques offer stand-alone approaches to simulated likelihood estimation, but can also be integrated with traditional estimators (Korsgaard et al., 2003) .
Computation is also an issue since the usual implementation via MCMC carries a large computational overhead. A detailed discussion on the Gibbs sampler can be found in Gamerman (1996) , Lange (2010) and Zhu and Lee (2002) .
Finally, it is worth mentioning that limited dependent variable models can deal with censored outcomes that can arise in longitudinal settings. To enable inference in this class of models, however, one must address a central problem in multivariate discrete data analysis, namely, the evaluation of the outcome probability for each observation (Korsgaard et al., 2003) . Outcome probabilities are required in constructing the likelihood function and involve multivariate integration, constrained to specific regions that correspond to the observed data. This latent variable framework is a generic probabilistic construct in which different threshold-crossing mappings from η ij to the observed responses y ij can produce various censored (Tobit) outcomes. For example, the relationship y ij =1{0<η ij <1}y ij leads to a Tobit model with censoring from below 0 and from up to 1. In censored Gaussian and ordered categorical threshold models, the Gibbs sampling, in conjunction with data augmentation (Sorensen et al., 1998; Tanner and Wong, 1987) , leads to fully conditional posterior distributions which are easy to sample from. This was demonstrated in Wei and Tanner (1990) for the Tobit model (Tobin, 1958) , and in right censored and interval censored regression models.
Results and Discussion
The efficiency levels calculated for 20 selected OECD countries from 1985 to 2011, using the SBM-Undesirable model and considering different grouping criteria, are presented in Figures 2, 3 , and 4. The plot of the kernel density of the SBM-Undesirable efficiency scores not only reflects the fact that these scores are censored at 0 and 1, but also that a Gaussian shape around the mean, despite its asymmetry to the right. It is noteworthy that, although median efficiency levels are decreasing over the period under investigation, the dispersion on energy efficiency results increases across our country sample. For instance, efficiency level results are highly dispersed, not only in territorially large, populated countries, but also in small ones, despite their income and development levels, recommending the eventual impact of contextual variables that may be embedded within these grouping schemes. In other words, a group of countries is detaching of the common pattern of lower efficiency levels. problem by sampling from a series of simpler conditional distributions (Hadfield, 2010) . In this paper, the response variable is assumed to follow a Gaussian distribution censored at zero (left) and one (right). The following model defines a set of simultaneous (linear) equations:
where X and Z are design matrices, containing the predictor information depicted in Table   3 ; that is, the whole set of variables is related to the demographics/economics that surrounds the countries, on the top of the trend effect. ߚ and ܾ are vectors of parameters, discussed in Section 5.1. It is worth noting that the simultaneous equations defined by Equation (13) cannot be solved directly, because the expected value of y is not known a priori. Only the observed values, presumed to be censored Gaussian at 0 and 1, are known.
This system is solved using the MCMCglmm R package, which implements Markov chain Monte Carlo routines for fitting generalized linear mixed models (Hadfield, 2010) . Table 3 presents the MCMC-GLMM results for the TOPSIS scores under the censored Gaussian assumption considering cost structure, quality of the services provided, ownership, market positioning, mileage program offered, and trend as fixed effects and the demographic/economic variables as random effects. Summary plots containing the traces and densities for the fixed effects are presented in Figure 5 .
We should recall that the first factor levels of the fixed effects are absorbed into the global intercept ߚ , which is fitted by default in R. Furthermore, in terms of the Bayesian analysis, when an effect is treated as fixed, the only information regarding its value comes from data associated with that particular level. Very often, effects with few factor levels are candidates to be fixed effects (Hadfield, 2014) . When effects are treated as random, they
are weighted by what other data describe about the likely values that the effects could take.
In addition, it should be put into perspective that in a Bayesian analysis all effects are technically random, as fixed effects are those associated with a variance component which has been set a priori to something large (10^8 in MCMCglmm R package), while random effects are associated with a variance component which is not set a priori, but rather estimated from the data (Hadfield, 2010) . The results reveal different impacts of economic blocs on energy efficiency levels. Higher efficiency levels are found in EU countries, followed by NAFTA, G7, and the Asian Tigers.
With respect to the capital-labor ratio, capital-intensive countries are more energy efficient than labor-intensive countries. These results confirm that efficiency levels are getting more dispersed across nations. In contrast, the findings with respect to trend confirm the qualitative perspectives derived by Figure 3 , i.e. efficiency is lowering over time.
Conclusions
This paper presented an analysis of the energy efficiency of selected OECD countries and MCMC-GLMM. The results show that efficiency levels are high and are reducing over time. The analysis of the effect of contextual variables on the efficiency level showed that higher efficiency levels are found in EU countries, followed by NAFTA, G7, and the Asian Tigers. Moreover, capital-intensive countries are more energy efficient than labor-intensive countries. The declining efficiency level in the OECD countries calls for concern. The need for policies that could enhance energy efficiency cannot be overemphasized, given the role of energy efficiency in ensuring energy conservation, security, cost minimization and reduced CO 2 emissions. Policies that focus on the provision of renewable energy technologies are vital for achieving these goals. Barriers to the large scale spread of energy efficiency technologies are often related to governance, institutions and information, among others, rather than economic justifications. Hence, carefully designed regulations policies and strategies, policy measures and enforcement mechanisms are significantly needed to overcome barriers to the spread and use of superior and advanced technologies that could help to shift the efficiency frontier outwards across OECD countries. Moreover, programs and strategies targeting at reducing current energy intensities in these countries are also expected to assist with the improvement of energy efficiency. There is a need to remove or rationalize inefficient fossil fuel subsidies that promote wasteful consumption. This can be done in conjunction with effective targeted policies that could reduce the effect of such removals on low income households.
It is believed that sustainable development with sufficient energy supply can be achieved only if the goal of economic growth and efficiency in energy consumption is balanced. This is because failure to address energy efficiency may lead to a further deterioration of the environment, the impairment of public health, the resource degradation and energy insecurity, which in the long run could lead to slow or declining economic growth. In line with OECD (2011), improving energy efficiency could extensively assist to reduce the need for investments in energy infrastructure, reduced fuel costs, a lessen exposure to fuel price volatility, increased competitiveness, increased energy affordability for low-income households, reduced local and global pollutants, and improved consumer welfare. As data and more information become available, future research venues may extend the empirical analysis to measure energy efficiency on industry levels.
